. The situation might bear some general resemblance to that at the reactive sites of some enzymes, In the only research of which we are aware, prior to our work, into an example of an asymmetric synthesis on a polymer support, it was suggested that enhancement of the enantioselectivity observed relative to an analogous reaction in solution may result from conformational rigidity in the cross-linked polymer (3) .
Enantioselectivities in solution may be considerably influenced by temperature (4). In particular, rPresented in part at the 62nd Canadian Chemical Conference, Vancouver, June, 1979, and in part at the 64th Canadian Chemical Conference, Halifax, June, 1981. 2Authors to whom correspondence may be.addressed.
in the s-methylation of the metaloenamine formed by reaction of isopropylmagnesium bromide with the imine derived from cyclohexanone and (R)-lbutoxy-2-aminobutane, the enantiomeric excess of (R)-2-methylcyclohexanone formed after hydrolysis was SlVo at -78oC, but only 2Wo at 65'C (5 were determined quantitatively by reaction with pyridine, followed by analysis of the solution phase for chloride (9) . These chloromethyl groups would be expected to become involved in subsequent steps in the reaction sequence to cause decreases in enantioselectivities. Such expectations were borne out experimentally as will be described.
Accordingly, the chloromethyl groups of 6 were converted to unreactive methyl groups by treatment with sodium iodide and then with tributyltin hydride. The resulting polymers (7) upon hydrazinolysis afforded polystyrene derivatives functionalized only with (S)-2-aminoalkoxy groups (8) . Results of methylation at ambient temperature (20"C) are shown in Table 1 . In the methylation of 9a and subsequent hydrolysis, the chemical yield was much lower than was the case with 9b and 9c although, in all three systems, enantioselectivities appear in the same range {>X)Vo).
The polymeric derivative 6c with chloro groups remaining after reaction of I with 5c was treated in the same sequence as that described above for polymers 7. The 2-methylcyclohexanones were produced with the (S)-enantiomer in only 32Vo enantiomeric excess. The results are tabulated in 
Experimental
Optical rotations were determined using a Carl Zeiss polarimeter, no. 37n44. Nt other instrumentation and general procedures are the same as described previously in a publication from these laboratories (10).
(S)-2-Phrhali mido-I -p ropa nol ( 5a) A solution of (S) -2-amino-l-propanol (2\ (4.625e,62.5 mmol) in tetrahydrofuran (10 mL) was added to a stirred slurry of N-(ethoxycarbonyl)phthalimide (8) In a manner similar to that described for6a, chloromethylated polystyrene, using (S)-2-phthalimido-3-phenyl-l-propanol (5c), was converted to 6c; ir, v(C:O): l7l0 cm-t; C (9) (S)-2-Phthalinido-I -butoxyntethylated methylated polys trene (7b) and ( S) -2-phthalitnido-3-phenyl-l-propoxyme t hyhted m e thy lat ed p oly styre ne (7 c) hocedures similar to that described above for 7a were used to prepare 7b andTc from 6D and 6c, respcctively.
(S)-2-Anino-l-propoxynethylated polystyrene (8a), (S)-2-amino-I -butoxy ne thylated polystyrene (8b), and (S)-2-ami no-3-phenylpropaxy tne t hyla t ed polys ty re ne ( 8c)
To a slurry of either polymer 7a, 7b, or ?c prepared as described above (ca. 20g) in a solution of tetrahydrofuran (100 mL) and ethanol (100 mL) was added, with stirring, aqueous 9SVohydrazine (10 mL). The reaction mixture was stirred for l6h at ambient temperature. In a similar manner to that described above for the preparation of9a, the polymers 8b and 8c were converted respectively to 9, a'nd 9c.
Detenninatiott of loadings of 9a,9b, and 9c
A slurry of polymer 9a (2.983g) in a buffer solution (14 mL) prepared from acetic acid (25 mL), sodium acetate (10'8g), and water (25 mL), and methylene chloride (15 mL) was stirred at ambient temperature for 0.5h. Fornntion of (R)-and (S)-2-methylcyclohexanone with regeneration ofpolymers 8a,8b, and 8c A slurry of polymer 10a prepared 4t 20oC as described above (5.231g 2.98 mequiv.) in abuffer solution(15 mL) preparedfrom ac€tic acid (25 mL), sodium acetate (10.8 g) , and water (25 mL), and methylene chloride (15 mL) was stirred at ambient temperature for 0.5 h. The methylene chloride layer was separated and In a similar manner, polymer lOa preparedat 0oC as described above gave (.R)-and (S)-2-methylcyclohexanone in 5Vo yield and 94Vo enantiomeric excess of the (.S)-enantiomer.
In a similar manner, the polymer tOb prepared at 20"C as described above gave a liquid product; gc, one sharp peak (tr, Similarly, polymer 10c prepared at 20oC as described above gave essentialfy pure (R)-and (S)-2-methylcyclohexanone (87Vo yield calculated from loading of9c); polarimeric analysis, [uJo 15.4tr, 93.8Vo enantiomeric excess of (S)-2-methylcyclo hexanone.
In a similar manner, polymer lOc prepared ar 0"C and -78"C as described above gave essentially pure (R)-and (S)-2-methylcyclohexanone in 91Vo and 72% yields respectively, and in 96 and 98Vo enantiomeric excesses of (S)-2-methylcyclohexanone respectively.
(S)-2-Phthalimidopropyl benlyl et her To a slurry of potassium hydride (1.729, a3 mmol, washed with hexane) in tetrahydrofuran (100 mL) containing dibenzo l8-crown-6 (200 mg, 0.56 mmol) was added (S)-2-phthalimidol-propanol (5a) prepared as described above (8.279, 40.33 mmol). The reaction mixture was stirred at ambient temperature for lh and then cooled to, and maintained at, OoC (ice-water bath) while benzyl bromide (10.07g, 58,9 mmol) was added.
After 0.5h, the reaction mixture was allowed to warm to ambient temperature and stirred for 48h. After addition of methanol(10 mL), the reaction mixture wasconcentrated under reduced pressure. To the residue was added ether (100 mL) and water (100 mL). A solution of (5)-2-phthalimidopropyl benzyl ether prepared as described above (2.155 In a manner similar to that described for l2a, llc was converted to l2c (gLVo yield; 0, 5 Torr, (190) (191) (192) (193) (194) (195) In a manner similar to that described above for t2a, l2c
produced (fi)-and (S)-2-methylcyclohexanone in 58% yieldand 85.3% enantiorneric excess of (S)-2-methylcyclohexanone.
(R)-anrl (Sf2-Methylcyclohetanonesfron l2c at 20C
In a manner similar to that described above for lzc at -78C, lzc was treated with lithium diisopropylamide at 20'C and iodomethane at 20"C to give 2-methylcyclohexanones in 627o yield, and 49Vo enantiomeric excess of (J)-2-methylcyclohexanone,
